Introduction: Monitoring respiratory mechanics may provide important information for the intensivist,
Introduction
Mechanical ventilation can be de ined as a technique of arti icial respiration, mainly for respiratory rescue intervention in patients unable to maintain ventilatory demand, in patients under anesthesia, or as a strategy for energy saving in severely ill patients. Used since the early twentieth century, it has greatly evolved in recent years, through the acquired knowledge related to the interaction between the cardiopulmonary and respiratory mechanics and computer and electronic revolution (1) .
However, this type of ventilatory support can also cause changes in the cardiopulmonary dynamics, due to its non-physiological operation. Changes are described in the cardiovascular system, in lammatory lung injury induced by mechanical ventilation, oxygen toxicity, barotrauma, traumatic complications for the management of arti icial airway and lung infection (2) .
From this perspective, knowledge of respiratory mechanics can facilitate the detection of changes in the respiratory status and allow a proper set of the ventilation parameters, as well as promote adequate therapeutic intervention to the patient (3) . As it is performed at bedside, it does not involve patient transport and has no inancial cost for its implementation.
The respiratory mechanics measuring methods can be performed in a dynamic or static manner. In the dynamic measurement, when the low is not interrupted, the mechanical ventilator uses the curves combining the equation of motion. In the static monitoring the low is stopped, obtaining directly the value of lung compliance and airway resistance (4) .
For the static measurements, lung compliance and airway resistance are calculated independently. Lung compliance is associated with the distensibility of the respiratory system, being operationalized by the variation of the tidal volume divided by the inspiratory pressure. The airway resistance is related to the dissipation of energy by the air low, mathematically obtained by the peak and plateau pressure variation divided by the low (5).
Another important parameter, initially designed for acute respiratory distress syndrome (ARDS), is the relative arterial oxygen pressure, fraction of inspired oxygen (PaO2/FiO2). Nowadays, this blood oxygenation index is used routinely as hypoxic gravity parameter in critically ill patients. It is assessed by arterial blood gases and oxygenation level (FiO2) set on mechanical ventilation (6) .
Thus, the objectives of the study were to compare the respiratory mechanics measurements in the VCV (Volume Cycled Ventilation -Volume Controlled Ventilation) and PCV (Pressure Controlled Ventilation) modes and correlate them with age and oxygenation index PaO2/FiO2. The resistance and compliance of the respiratory system were evaluated in the VCV and PCV modes. The patient should be sedated according to the Ramsay scale from 5 to 6 (7), and the ones who had respiratory drive were excluded.
Materials and methods

It
Height and weight were assessed directly, using a tape, and indirectly, using equations, respectively (8) :
Men: Weight (kg) = 50 + 0.91 x (height in cm -152.4) Women: Weight (kg) = 45.5 + 0.91 x (height in cm -152. 4) For the respiratory mechanics data the parameters set in the PCV mode by the intensivists, according to the ICU routine, were recorded. The respiratory rate was maintained or changed (RR) to 14 cycles/min and the inspiration: expiration ratio to 1:2. Subsequently, the PCV mode was switched to the VCV mode using the inspiratory pause of 1 second, to obtain the plateau pressure. After 3 minutes the parameters were recorded and returned to the initial ventilation mode. Simultaneously, the oxygenation index PaO2/FiO2 was collected. A single measurement was performed on each patient.
The respiratory mechanics were evaluated according to (9):
PCV mode:
VCV mode:
Data was stored and analysed using Excell ® and SPSS 20.0 ® softwares, respectively, and expressed by absolute numbers, percentages, central tendency and dispersion measures. The compliance and resistance of the respiratory system in the PCV and VCV modes were compared using the Mann-Whitney U test (p < 0.05). Pearson's correlation (p < 0.05) was used between the oxygenation index and respiratory mechanics values in the PCV and VCV modes.
Results
Between March 3rd, 2013 and August 25th, 2013, 184 hospitalized patients were evaluated in the Hospital Nossa Senhora da Conceição ICU, in Tubarão -SC. Eighteen patients were excluded for having respiratory drive or not being well sedated.
Of the 166 analyzed individuals, 100 (60.2 %) were male and 66 were female (39.8 %), with mean age of 60.0 ± 18.6 years old, height of 175.8 ± 179 cm and ideal weight of 71.3 ± 16.3 kg. The leading causes for hospitalization were: circulatory (34.9%) and respiratory diseases (16.9%), injuries, poisoning and other consequences of external causes (8.4%), digestive tract disease (7.2%), and others (31.6%). The severity classi ication in the irst 24 hours of admission, assessed by the APACHE II, was of 27.8 ± 6.7 points, with a minimum of 8 By correlating the compliance values of the VCV and PCV modes, it was observed a statistical signi icant (p < 0.001) and strong positive correlation (r = 0.83). When correlating the resistance in the VCV and PCV modes, it was observed a statistical signi icant (p < 0.001) and weak positive correlation (r = 0.28). Comparing these variables from another point of view, it was demonstrated a statistically signi icant difference (p < 0.001) between the compliance and resistance measures in the VCV and PCV modes.
The correlations among the PaO2/FiO2, compliance and resistance in the PCV and VCV modes are shown in Figures 1, 2, 3 and 4 . oxygenation. However, there is no evidence to support that data. Pinheiro et al. (13) , in seven canine models with induced lung injury, found no signi icant differences in the oxygenation, both in VCV and PCV modes. On the other hand, Cadi1 et al. (14) evaluated 36 patients using mechanical ventilation during laparoscopic bariatric surgery, and demonstrated that the PCV mode showed oxygenation indexes and blood gas parameters higher than the VCV mode. However, in Garneroa et al. (15) review, which discusses the evidence and ventilation peculiarities in VCV and PCV modes, the researchers comment that there is no superiority of one mode. There are advantages and disadvantages. For example, in the PCV mode, they can prevent lung overdistention by limiting the peak pressure and reducing ventilatory asynchrony, but the control of the tidal volume and the blood pressure values of carbon dioxide (PaCO2) is variable, making the VCV mode a better choice for this case. The authors inish describing the importance of distinguishing the choice of ventilation mode according to the patient's condition and his lung mechanics. In individuals who require strict control of PaCO2 levels, and patients with respiratory acidosis, it would be interesting the management in VCV and, in those cases, that need a lung protective strategy to control the peak pressure, as in ARDS, it would be indicated the PCV mode.
When correlating age with oxygenation index and respiratory mechanics, it was also observed physiological aspects of aging, with negative association between age and the oxygenation index and compliance -PCV and positive association with resistance -VCV. Ruivo et al. (16) compared pulmonary function measurements in 35 elderly and 35 young people using spirometry. The researchers found signi icant differences between the forced vital capacity (FVC) and forced expiratory low between 25 and 75% of FVC, which is related to expansion/compliance and pulmonary resistance, respectively. In a review by Fernandes and Ruiz Neto (17) of anesthetic complications in elderly patients, low oxygenation and care for mechanical ventilation is discussed. These data corroborate the present study, indicating reduced lung function with aging.
Classically, these measurements are done in the VCV mode, with a square low waveform and inspiratory pause of 1-2 seconds (4). However, it has been proposed to monitor respiratory mechanics by the PCV mode, using algebraic manipulation of 
Discussion
Respiratory mechanics data revealed difference when measured by different methods. Although there are strong positive correlations in the compliance measures in the VCV and PCV modes, the same did not occur for the resistance. The compliance measures seemed to be underestimated and the resistance values overestimated when monitored in the PCV mode compared to the VCV mode.
However, when correlating the respiratory mechanics data with the oxygenation index, there was a slightly greater association in the PCV mode than in the VCV mode. This can be mostly related to the characteristics of the inspiratory low in the two ventilation methods. While in the VCV mode low is generally used in a square shape, practically constant, in the PCV mode it is variable with the shape resembling a triangle with an initial peak low and almost linear fall (5, 9) . These aspects of air inlet in the respiratory system generate different pressure curves, which are closely related to the diffusivity of gases in the alveolar-capillary level. Then, the fact that the pressure may remain more constant over time in the VCV mode may provide greater gas exchange and correlate better with the oxygenation index.
This fact is widely discussed in other studies (10, 11, 12) presenting theoretical justi ications for the PCV mode superiority in improving ventilation and individuals. The Cst was monitored by esophageal balloon before the ventilatory support. The cutoff was set to 25 ml/cmH2O for individuals with low and high compliance. In conclusion, the group with Cst > 25ml/cmH2O presented favorable aspects, with statistical difference for the incidence of pneumonia associated with mechanical ventilation, need for intubation, tracheostomy, mortality, time in mechanical ventilation and ICU, when compared to the group with low pulmonary compliance.
Regarding this study limitation it should be noted that the respiratory mechanics measurements were performed in patients with sedation, but not with neuromuscular blocker. This may have in luenced the measures, even with imperceptible respiratory drive.
Conceptually, the pressure applied to the respiratory system (P RS ) depends on the ventilatory pressure (P V ) and muscle pressure (P mus ) (28, 29) . So, to calculate correctly the respiratory mechanics variables it is necessary that the (P RS ) depends only on the (P V ), i.e., the (P mus ) should be excluded. In practical terms, a necessary condition for the patient not to actively participate in the breath.
So, to perform these measures the patient should preferably be sedated and paralyzed. In order to avoid discomfort for the hospitalized patient in intensive care, Ramsay et al. (7) proposed a scale that grades the level of sedation. The scale is from one to six, corresponding to a lot or little sedation, respectively. According to Wit et al. (30) the level of sedation reduces respiratory muscle effort, reducing or canceling the participation of the individual in the respiratory cycle.
Conclusion
Monitoring of respiratory mechanics performed in VCV and PCV modes showed some peculiarities, perhaps indicating the non-linearity of these variables or the complementary aspect of them. In this sense, it is recommended to use these measures in the two ventilation modes for more information on the patient ventilatory status.
The results showed that respiratory mechanics adjusted to the physiological aspects of oxygen diffusion, implying favorably in its routine use as additional information about the lung condition in ICU patient admission.
The authors believe that this measure provides data on lung function and can describe the mechanics the motion equation and conversion of the nonlinear down low to linear low (9) . The results of this study, assessing 12 mechanically ventilated individuals, showed strong correlation between compliance and resistance measures in VCV and PCV modes (r 2 = 0.73 and r 2 = 0.51, respectively). In the same study (9) , the mean values in the VCV mode were 36.93 ± 12.18 mL/cm H2O for compliance, and 12.50 ± 2.99 cmH2O/L/sec for resistance. However, the normal range is described with a wide range of variation, comprising 50 to 100 mL/cmH2O for compliance and between 2 and 5 cmH2O/L/sec for the respiratory system resistance (18) .
In some cases, such as ARDS, compliance can be reduced (35 to 44 mL/cmH2O) and the resistance increased (12 and 15 cmH2O/L/sec). And in patients with obstructive pulmonary disease the compliance (66 mL/cmH2O) and resistance are increased (26 cmH2O/L/sec) (19) .
The main applications for respiratory mechanics monitoring are for patients with obstructive pulmonary diseases (16) and ARDS (20) . Some studies also discuss the importance of these measures in patients with pulmonar ibrosis (21) or with the human immunode iciency virus (HIV) and pneumonia (22) .
In obstructive pulmonary diseases, the low versus volume curve provides information about the airway patency and the complacency (C RS ) and resistance (R RS ) product of the respiratory system that originates the time constant (τ), related to the expiratory time to de late. Thus, as one of the main problems in obstructive diseases is hyperin lation, the respiratory mechanics monitoring is very important to avoid air trapping, which would lead to an increased intrinsic positive end-expiratory pressure and respiratory work (19, 23, 24) .
In ARDS the pressure versus volume curve analysis assists the respiratory monitoring, as well as the calculation of (C RS ) helps to choose the best PEEP and FiO2 (20, 25) . In pulmonary ibrosis, the low (C RS ) is associated with hypoventilation and hypercapnia (21, 26) . In individuals with HIV and pneumonia, changes in lung mechanics are similar to patients with ARDS, i.e., low (C RS ) and (C RS ) (22) .
In the study by Matic et al. (27) , the static pulmonary compliance (Cst) was considered a prognostic measure in mechanically ventilated patients. The study was randomized, with one group using invasive mechanical ventilation, and the other noninvasive mechanical ventilation, with a total of 387 of chronic respiratory diseases and its exacerbations. It is hoped that other studies use this information about respiratory mechanics for prognosis and clinical management of mechanically ventilated patients in the ICU.
